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In this paper, we perform a combined study of 2S and \D open-charm mesons with natural spin-parity. 

Our results indicate that DJ(2600)/D*|(2700) and Dj(2760)/D*| (2860) are predominantly the 2^S i and l^Di 
charmed/charmed-strange mesons, respectively, while D'^{2T60)ID*^{2^60) can be regarded as the POs 
charmed/charmed-strange mesons. In addition, some typical ratios of partial widths of the discussed natural 
states are predicted, by which future experiments can test these assignments, especially for the 25-10 mixing 
scheme existing in Dj(2600)/Dj(2760) and 0*j(2700)/D*|(2860). 

PACS numbers: 13.25.Ft, 14.40.Lb 


I. INTRODUCTION 

Among these hadronic states, the heavy-light mesons, 
which contain valence heavy quark Q and light antiquark q, 
are the special system due to the existence of chiral symme¬ 
try and heavy quark dynamics. The investigation of heavy- 
light mesons can improve our understanding of nonperturba- 
tive quantum chromodynamics (QCD). 

With experimental progress, more and more heavy-light 
mesons were reported (see Refs. [1-31]), which can be 
grouped as the candidates of radial and orbital excitations of 
heavy-light meson family. In the narrow mass range 2.6 - 2.9 
GeV, there exists an accumulation of a large number of ob¬ 
served charmed and charmed-strange mesons. The informa¬ 
tion of these states is collected into Table I for the convenience 
of readers. Before the present paper, the strong decay behav¬ 
iors of these states have been extensively studied in the con¬ 
text of various models, e.g., the pseudoscalar emission decay 
model [32], the decay model [33-47], the chiral quark 
model [48-50], the effective Lagrangian approach [51-55], 
and the EHQ’ decay formula [56]. These theoretical works 
gave a big push to the development of the research of heavy- 
light meson. 

Several experimental measurements of their spin-parity 
quantum number were performed recently by the LHCb 
collaboration, i.e., two different Ds states, D* *j(2860) and 
£1*3(2860), were observed in 2014 in the channel of —> 
D*~n^ where the obtained helicity angle dis¬ 

tributions indicate that they are the spin-1 and spin-3 states 
[30, 31]. According to their decay mode of ePk , they should 
be the natural parity mesons, which satisfy P - (-1)'^. In a 
word, their spin-parity quantum numbers are 1“ and 3“, re¬ 
spectively. A spin-1 state, D’[(2760)°, was observed in the 
channel of B —> D*^n^ —> [23]. It is a possible D 
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meson with - \ . Very recently, D*^{2160y was reported 
in the process of D*yn^ . Its spin-parity was 

determined for the first time as - 3“ [24]. The new exper¬ 
imental results provide more abundant information for these 
states. Until now, four - 1“ states and two — 3“ open- 
charmed states, which have natural parity, have been estab¬ 
lished* (see Fig. 1). They can be categorized into the 25 and 
ID D and Ds states, where D[(2600), D]'(2760), and D*^{2160) 
are the nonstrange partners of D*j(2700), D*j(2860), and 
D*3(2860), respectively. Their mass gaps reflect the similarity 
between charmed and charmed-strange meson families well. 


2600 2650 2700 2750 2800 2850 2900 



2600 2650 2700 2750 2800 2850 2900 


Mass (MeV) 

FIG. 1: D'[(2600), D](2760), and D'^{2760) and the corresponding 
strange partners D]j(2700), D]j(2860), and D*y2S60). 


These observed D]'(2600), D’[(2760), and D’^(2160) and 
their strange partners D*j(2700), D*j(2860), and D*3(2860) 
inspire our interest in carrying out a combined study of 25 
and ID open-charm mesons with natural spin-parity, which is 
due to the following reasons: 

1. The corresponding studies of these six open-charmed 
mesons can be borrowed from each other, which is due 
to the similarity between charmed and charmed-strange 
meson families. 


* The spin-parity quantum number of D*j(2700) has been determined as 
= U by Belle [25] and BABAR [26]. According to the mass and decay 
behaviors, the LHCb collaboration tentatively identified D]'(2600) as the 
25 (r) state [22]. 
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TABLE I: The experimental information of these observed charmed and charmed-strange mesons in the mass range 2.6 - 2.9 GeV [21-31]. 
Two states marked by f are also named as the corresponding £)}(2650) and Dj(2740) in Ref. [22]. 


State 

Production 

Observed decays 

Mass (MeV) 

Width (MeV) 


Year 

Collaboration 

D];(2600)+ 

e*e^ 


2608.7±2.4±2.5 

93±6±13 


2010 

BABAR [21] 


PP 


2649.2±3.5±3.5 

140.2±17.1±18.6 


2013 

LHCb [22] 

D(2750)+ 

e*e^ 


2752.4±1.7±2.7 

71±6±11 


2010 

BABAR [21] 


PP 


2737.0±3.5±1L2 

73.2±13.4±25.0 


2013 

LHCb [22] 

D;(2760) 

B 


2781±18±11±6 

177±32±20±7 

f- 

2015 

LHCb [23] 

D;(2760) 

B° D;-7r+ 

D°n- 

2800±7±5±4 

130±16±7±12 

3- 

2015 

LHCb [24] 



D+tt-, D-^71- 

2763.3±2.3±2.3 

60.9±5.1±3.6 


2010 

BABAR [21] 


PP 

0**71^ 

2760.1±1.1±3.7 

74.4±3.4±19.1 


2013 

LHCb [22] 

D:i(2700) 

B+ D°D'+ 

sl 

D°K* 

2708±9];[i 

108±23+36 

f- 

2008 

Belle [25] 


5+(0) dP{D-)DI\ 

D°K* 

2699!]^ 


f- 

2015 

BABAR [26] 


e^e~ 


2688±4±4 

112±7±36 


2006 

BABAR [27] 


e^e~ 

£)W0^+, £)(•)+^0 

2710±2+j2 

149±7+39 


2009 

BABAR [28] 


PP 

D“A+, D+K° 

2709.2±1.9±4.5 

115.8±7.3±12.1 


2012 

LHCb [29] 

D]j(2860) 


b°K- 

2859±12±6±23 

159±23±27±72 

f- 

2014 

LHCb [30, 31] 

D:3(2860) 

^ Dl-n- 

D°K- 

2860.5±2.6±2.5±6.0 

53±7±4±6 

3- 

2014 

LHCb [30, 31] 



D°K+, D+K° 

2856.6±1.5±5.0 

48±7±10 


2006 

BABAR [27] 



d'*)°a:+, d(*>+a° 

2?.62±2*l 

48±3±6 


2009 

BABAR [28] 


PP 

d°a:+, d+k° 

2866.1±1.0±6.3 

69.9±3.2±6.6 


2012 

LHCb [29] 


2. The present study is involved in an intriguing issue of 
25-ID mixing. Rosner discussed the 25-ID mixing 
effect for two charmonia i/'(3770) and i/r(3686) [57]. 
For these involved open-charmed mesons in this paper, 
there should also exist 25-ID mixing when studying 
D;(2600)/D;(2760) and D*j(2700)/D;;(2860). 

3. Besides giving the discussion of 25-ID mixing effect 
existing in these 25 and ID open-charm mesons, the 
main task of this paper is to establish 25 and ID open- 
charm mesons with natural spin-parity, which is also 
helpful to test whether there exists the spin-orbit inver¬ 
sion in the heavy-light mesons [58, 59] or not [60]. Be¬ 
fore giving a definite answer, it is obvious that estab¬ 
lishing the 25 and ID open-charm mesons with natural 
spin-parity is a key step. 

Just considering the present update experimental status of 
25 and ID open-charm mesons with natural spin-parity and 
the importance of studying them just mentioned above, in 
this paper, we are dedicated to this interested research topic 
by considering Dj(2600), D\{216Q), and D*^{216Q) and their 
strange partners D*j(2700), D*j(2860), and D*3(2860), where 
we mainly focus on their two-body Okubo-Zweig-Iizuka al¬ 
lowed strong decay behaviors, which can provide valuable in¬ 
formation of their features including partial and total decay 
widths. For calculating these decays, the Eichten-Hill-Quigg 
(EHQ) decay formula [61] is adopted in this paper, which is 


an effective approach to deal with the strong decay calculation 
involved in the open-charm meson [61]. 

The manuscript is arranged as follows. In Sec. II, we 
first give a brief introduction to the EHQ’ formula. Then, we 
give the further phenomenological analysis combined with the 
present experimental data. In Sec. Ill, the paper ends with the 
discussion and conclusion. 


II. THE DECAY BEHAVIORS OF THE DISCUSSED 25 
AND ID OPEN-CHARM MESONS WITH NATURAL 
SPIN-PARITY 

A. EHQ’ decay formula 

As an approximate symmetry existing in the heavy-light 
meson system, the heavy quark symmetry (HQS) plays an im¬ 
portant role in the dynamics of the heavy-light meson. In the 
HQS limit (rtiQ —> oo), only the light component of a heavy- 
light meson takes an active part in the strong decays [62]. Un¬ 
der this consideration, two heavy-light mesons, with the same 
light degrees of freedom jq, but different total angular mo¬ 
mentum 7, shall have the similar decay properties. In general, 
these two states can be grouped in one doublet. This picture 
is supported by the available properties of P-wave heavy-light 
mesons [63]. 

Based on this picture mentioned above, a decay formula 
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TABLE II: The values of for the different decay modes of these discussed open-charm mesons with the 2^5 1 , l^D\, and LD 3 quantum 

numbers. Here, P and "V in the first row denote the light pseudoscalar and vector mesons, respectively. In addition, s, p, d, /, and g in the 
brackets represent that the corresponding decays occur via S -wave, P-wave, £)-wave, F-wave, and G-wave, respectively. 


nL{J^) 

15(0-)-hR 

15(U) -fR 

15(0-) 

1R(U, 1/2)-hR 

lR(U,3/2)-fR 

1R(2+) -H R 

25(0-)-hR 


VT73(p) 

-V273 (p) 

VT73(p) 

l(v) 

VT72(d) 

-V3/2(J) 


I'Ri 

-V273 (p) 

-VT73(P) 

-V273 (p) 

l(rf) 

-l(^), -VT72(d) 

-VT72(d) 

-V273 (p) 

UD 3 

V^(/) 

-V477(/) 

Wi(f) 

-V477 (d) 

VT77(d), VWT4(g) 

-V677(d), -V57T4(g) 

V377 (/) 


which depicts the transition between two heavy-light mesons 
was proposed by Eichten, Hill, and Quigg in Ref. [61], which 
is also called as the EHQ’ formula, i.e.. 


'■ h.e 



qe 




( 1 ) 


where ^ is the flavor factor which can be found in Ref. [64]. 
q - \^ denotes the three-momentum of the final state in the 
rest frame of the initial state. H and H' represent the initial 
and final heavy-light mesons, respectively, h denotes the light 

flavor meson. In addition, is a normalized coefficient, 

which satisfies the following relation: 


^jlUjq 




( 2 ) 


where jh = Sf, + i. The symbols and i represent the spin 
of the light meson h and the orbital angular momentum rel¬ 
ative to H', respectively. The transition factors {p113) 

which involve the concrete dynamics can be calculated by 
phenomenological models, like the relativistic chiral quark 
model [65] and the model [56, 66 ]. Equation (2) reflects 
the requirement of HQS. Until now, the EHQ’ formula has 
been applied to study open-charm mesons [56, 64, 66 ] and 
excited heavy baryons [67]. 

Eor the 2S and \D open-charm mesons with natural spin- 
parity, the relevant values of and the expressions of 

the corresponding transition factors are listed in Tables II and 
III, respectively. These transition factors are determined by 
the model. Thus, two parameters [3 and y are introduced 
in our calculation. Here, [3 is the scale of harmonic oscillator 
wave function depicting the mesons in the discussed transi¬ 
tions.^ Eollowing Ref. [56], we take [3 - 0.38 GeV. The pa¬ 
rameter y denotes the strength of quark pair creation from vac¬ 
uum. In this paper, we assume that the charmed and charmed- 
strange mesons are governed by a same y. As shown in our 
previous paper [64], all R-wave heavy-light mesons were ex¬ 
plained well in the framework of the EHQ’ formula, where y 


^ According to the results in Ref. [68], we adopt a universal j8 value for the 
mesons involved in the discussed transitions. 


TABLE III: The transition factors for different decay 

channels of the discussed 2^5 1 , UUi, and UR 3 open-charm mesons. 
Here, we define g = 327T'^‘'yl{9/3'^^). 



^n'L'(;f )+7f 

M!;j(piP) 

2^Si ^ 

15(f) -fO- 


2^51 ^ 

15(f)-hi- 

^ 32 15^2) 

2^51 ^ 

lR(f) + 0- 

1 /I 7 <?■ , 2 \ 

y2U2.p/2\^ 9 02.'^ 21 

2^51 ^ 

lR(f^) + 0- 

(5-13 in _ 2^r_\ 

39^2; 

UDi ^ 

15(f) + 0- 

^51/3.21/29., 2r 
^ 32 15^2^ 

UDi ^ 

15(f)-fl- 

^21/3 9. , 2r 

- 75^) 

Ur»i ^ 

lR(f) + 0- 

y^37/2 9p2) 

Ul»i ^ 

lR(ff + 0- 

,c2'5‘/3(, 5 r 1 9*1 

^ 33/3 13 18gr "I" 135[?1 

/-* 13 fi'" / I 2 \ 

» 37/2.51/3 39 ^2 t 

UDi ^ 

25(f)-f0- 

^51/3 9., 29 93 , 1 9'*-, 

W37/3 30^ "I" 45^1 

UD3^ 

15(f)+ 0- 

^ 23/3 , 

£?■ 33.51/2 ^3 

UZ)3^ 

15(f) + 1- 

^29^!^ 1 
^ 33-5 

UD3 ^ 

lR(f) + 0- 

_(52R2±n _ ±2:-) 

^ 33/3 15 fi 1 

Uz)3 ^ 

lR(ff + 0- 

25/3.71/3 1 1,2 

» 37/2.5I/2 ^2 t-1 



^ 2^ I 

y 34.51/2.71/2 ^ 

U03 ^ 

25(f)+ 0- 

^23 1 21 1 93i 

» 35/2.51/3 F'- 36 F'' 


is directly fixed by the width of ^2(2460)°, i.e., ^2(2460)° is 
a PR 2 D state [63]. Its mass and width are 2460.47 + 0.14 
MeV and 47.7 + 0.7 MeV, respectively [69]. Via Eq. (3), 
we determine y = 0.125. In the following, we will apply the 
EHQ’ formula with these determined parameters to calculate 
the decay behaviors of 2S and ID open-charm mesons with 
natural spin-parity, which is the main task of present paper. 
Einally, it needs to be emphasized that we adopt experimental 
average values for the masses of these discussed 2S and ID 
open-charm mesons with natural spin-parity. Eor other open- 
charm mesons and light flavor mesons involved in calculation, 
the corresponding masses are taken from Particle Data Group 
(PDG) [63]. 
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TABLE IV: Decay widths of DJ(2600) and Dj(2760) with several typical 0 mixing angles (in MeV). 


Decay 

channels 



D;(2600) 





D\{2160) 



b 

m 

1 

-15° 

0° 

15° 

30° 

b 

1 

-15° 

0° 

15° 

U) 

0 

0 

D n 

107.2 

89.2 

62.2 

33.6 

10.9 

3.7 

18.0 

39.4 

62.1 

80.0 

D* 71 

48.3 

84.5 

116.9 

136.7 

138.7 

96.9 

58.7 

24.6 

3.7 

1.6 

D,K 

11.9 

9.9 

6.9 

3.7 

1.2 

0.9 

4.4 

9.6 

15.1 

19.5 

d:k 

0.0 

0.4 

1.0 

1.7 

2.4 

11.7 

7.1 

3.0 

0.5 

0.2 

Dll 

16.2 

13.5 

9.4 

5.1 

1.7 

0.9 

4.6 

10.0 

15.8 

20.3 

D" 77 

2.2 

3.9 

5.3 

6.2 

6.2 

15.7 

9.5 

4.0 

0.6 

0.2 

Dp 






42.1 

21.5 

6.1 

0.0 

4.9 

D CO 






13.2 

6.7 

1.9 

0.0 

1.6 

D;(2430)7r 

2.1 

2.6 

2.8 

2.6 

2.1 

1.6 

1.0 

0.4 

0.1 

0.0 

Di(2420)7r 

37.1 

11.0 

0.1 

7.3 

30.8 

121.4 

165.5 

191.4 

192.1 

167.5 

D;(2460) tt 

0.0 

0.0 

0.0 

0.0 

0.0 

1.1 

0.4 

0.0 

0.1 

0.5 

D(2550) TT 






0.0 

0.1 

0.1 

0.2 

0.3 

Total 

225.0 

215.0 

204.6 

196.9 

194.0 

309.2 

297.5 

290.4 

290.3 

296.6 

Experiment 


104.5 ~ 175.9 [22] 



118 ~ 236 [23] 




TABLE V: Decay widths of D'[|(2700) and D]j 

(2860) with several typical 0 mixing angles (in MeV). 


Decay 

channels 



D:i( 2700 ) 





D],(2860) 



-30° 

-15° 

0° 

15° 

30° 

b 

tn 

1 

-15° 

0° 

15° 

U) 

0 

0 

DK 

140.9 

117.2 

81.7 

44.1 

14.3 

5.7 

27.6 

60.4 

95.2 

122.7 

D* K 

46.7 

81.8 

113.1 

132.3 

134.3 

130.3 

79.0 

33.1 

5.0 

2.1 

D j 77 

20.2 

16.6 

11.3 

5.7 

1.3 

1.3 

6.1 

13.3 

21.0 

27.0 

D‘s 1 ] 

1.6 

2.7 

3.7 

4.3 

4.3 

18.9 

11.5 

4.8 

0.7 

0.3 

DK‘ 






42.3 

21.6 

6.1 

0.0 

5.0 

Total 

209.4 

218.3 

209.8 

186.4 

154.2 

198.5 

145.8 

117.7 

121.9 

157.1 

Experiment 



103 - 195 [28] 




159±23±27±72 [30, 31] 



B. D';(2600), D*,(2700), D;(2760) and D;,(2860) as pure states 

First, we discuss Dj(2600), D*j(2700), £>*(2760) and 
Z)*j(2860) without introducing 25-ID mixing, where their 
partial and total decay widths are collected in Tables IV and 
V (see the results corresponding to mixing angle (p — 0°). 

With the 2^5 1 assignment, the total decay width of 
Dj(2600) is predicted as 204.6 MeV, which is larger than 
the averaged value of widths measured by BABAR [21] and 
LHCb [22], but is close to the upper limit of the measurement 
by LHCb [22] (see Table IV). We also predict the branching 
ratio 

S(Dt(2600) Djt) 

‘ -1-- = 0 53 (3) 

S(D;(2600) D*7t) ^ ’ 

which is close to the upper limit of the BABAR result (0.21 ~ 
0.43) [21]. It is obvious that the main feature of D*(2600) can 
be understood under the 2^5 1 assignment. 

If D*j(2700) is the strange partner of D]'(2600), the pre¬ 
dicted width can reach up to 209.8 MeV which is near to the 


upper limit of the BABAR result [28] (see Table V). Further¬ 
more, the predicted branching ratio is 

S(D*,(2700)-^ D* K) 

- - - = 1 43 (4) 

S(D*j(2700) ^ DTT) ^ ^ 

which is close to the upper limit of the BABAR result (0.66 - 
1.16) [28]. The above facts indicate that D*j(2700) has a dom¬ 
inant 2^5 1 component. 

As a l^Di state, the calculated total decay width of 
D]'(2760) is around 300 MeV. Before this paper, the stud¬ 
ies in Refs. [44, 45, 47, 48] also suggested that the decay 
width of the l^Di D state should be large. We list the the¬ 
oretical and experimental results in Fig. 2 for the comparison. 
Among these allowed decay modes, the channels of Dn, D*n 
and Di{2A2Q)n are important for D*(2760) due to large partial 
widths, e.g., the channel of Di{2A20)n with branching ratio 
65.9% is its dominant decay mode. The same conclusion has 
been obtained in Refs. [44, 45, 47, 48]. As a l^Di state, the 
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C. D*(2600) and £)*j(2700) as orthogonal partners of D*(2760) 
and D*j (2860) respectively 

In reality, Dj(2600) should be the orthogonal partner of 
Dj(2760). There also exists the similar relation for their 
strange partners D*j(2700) and D*j(2860). Thus, we need to 
investigate the 2S - ID mixing effect, where the mixing scheme 
satisfies [36] 


FIG. 2: A comparison of the experimental [23] and theoretical 
widths [44, 45, 47, 48] for the D](2760) with the D(l^Di) assign¬ 
ment. 


below ratio. 


S(D*(2760) ^ D tt) 
S(Di(2760) ^ D* n) 


= 1.60, 


(5) 


is predicted for D*(2760), which is consistent with the results 
in Refs. [44, 45, 47, 48] (see Table VI). 


TABLE VI: Comparison of different theoretical results for the ratio 
ofS(D;(2760) ^ D;r)/S(D|(2760) ^ D* n). 


\{SD),)l 

\{SD),)h 


cos (p 
sin (f) 


-sin<^ W |2^5i) 
coscj) 11 ll^Di) 


(7) 


with (p as the mixing angle. The states marked by subscripts L 
and H are identified as the low-mass and high-mass mixed 
states, respectively. For discussing the 25-ID mixing ef¬ 
fect, we take several typical (p values, i.e., (p - -30°, -15°, 
15°, and 30°. The corresponding partial and total widths of 
D](2600), D*j(2700), D[(2760) and D*j(2860) are shown in 
Tables IV-V. Our results indicate that there exists dependence 
of the total widths of D’]'(2600), D*j(2700), and D](2760) on 
the mixing angle (p. The width of D*j(2860) highly depends 
on (p. 

We notice that the ratios of partial decay widths are good 
physical quantities to constrain the mixing angle (p. At 
present, BABAR [21, 28] measured ratios 


S(D*(2600) ^ D tt) 


Ref. [44] 

Ref. [45] 

Ref. [47] 

Ref. [48] 

Our 

S(D[(2600) ^ D* tt) 

2.04 

2.17 

1.62 

2.42 

1.60 

and 


= 0.32 + 0.02 + 0.09, 


( 8 ) 


As the strange partner of D]'(2760), the total decay width of 
D*j(2860) is around 117.7 MeV, which is consistent with the 
measurement given by LHCb [30, 31] and comparable with 
former results in Refs. [32-35] (see Table VII). Our results 
also show that the DK mode is one of the main decay chan¬ 
nels, which can explain why D*j(2860) was first found in its 
DK channel [30, 31]. Additionally, we obtain the ratio 

«D:,( 2860 )^D^) ^ 

S(D;j(2860) ^ D*/:) ^ 

which is close to 1.92 given by Ref. [34] and 1.42 by Ref. [35]. 


TABLE VII: Comparison of different theoretical results for the decay 
width of D]j(2860) (in MeV). 


Ref. [32] 

Ref. [33] 

Ref. [34] 

Ref. [35] 

Our 

145 

132 

186.8 

153.2 

117 


S(D*j(2700) ^ D* K) 
S(D*j(2700)^D7i:) 


0.91 + 0.13 + 0.12. 


(9) 


If fitting these two ratios, the mixing angles ^ - A° - \1° and 
(p - -4° to -16° are obtained for D’[(2600) and D*j(2700), 
respectively, which show that our results by the EHQ’ formula 
favor small mixing angle. 

Besides the D^^^r and D^*^K modes, the and D^K 

channels are also important to reflect the features of these dis¬ 
cussed open-charm mesons. Furthermore, we get the follow¬ 
ing ratios: 


S(D](2600) ^ D 7/) 
S(D](2600) ^ D tt) 
S(D](2600) ^ D, K) 
S{D\{2600) Dtt) 
S{D*J27QQ) ^ D, 7?) 
S(D*j(2700) ^ D/:) 
S(D;,(2860) ^ D, 7?) 
S(D*j(2860) ^ D/:) 


In this subsection, we mainly focus on D*(2600), 
D*j(2700), D*(2760) and D*j(2860) as pure states and give 
the phenomenological analysis, where the information of their 
other decay channels can be found in Tables IV-V. In fact, 
there should exist a 25-ID mixing effect to these discussed 
D*(2600), D;j( 2700), D]'(2760) and D*j(2860), which will be 
illustrated in the next subsection. 


We need to specify that these four ratios are weakly dependent 
on the mixing angle, and independent on the parameter y. 

If the 25-lD mixing effect exists, D’]'(2760)/D*j(2860) 
should be the orthogonal partner of D] (2600)/D*j (2700). 
With the ranges of mixing angle obtained above, we predict 


S(D](2760) Dtt) 
S(D*(2760) ^ D* tt) 


2.62-28.86, 


( 10 ) 
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and 


S(£)*,(2860) ^ D* K) 

- - - = 0.31 - 1.16 

!B(D* (2S60) ^ D K) 


( 11 ) 


which are different from the results in Eqs. (5) and ( 6 ), re¬ 
spectively. These results can be also applied to test the 2S-ID 
mixing effect. 


TABLE VIII: The partial and total widths of £»;(2760) and £>* 3 ( 2860 ) 
as and Ds(l^Di), respectively. 



£>5(2760) 


£>[3(2860) 

Modes 

r, (MeV) 

Modes 

r, (MeV) 

Modes 

r, (MeV) 

D n 

27.9 

D Cl) 

0.1 

DK 

28.5 

D,K 

1.6 

Dp 

0.2 

£>* K 

12.2 

£)* n 

15.5 

£>'i(2430);r 

1.1 

£> .i >7 

1.9 

D]K 

0.2 

£>i(2420);r 

0.4 

Din 

0.4 

D rj 

1.4 

£>5(2460);r 

1.1 

DK’ 

0.2 

£)* 7/ 

0.2 

D(2550);r 

0.0 





Total 

49.7 

Total 

43.2 


D. £>; (2760) and £>^3 (2860) 

In the following, the phenomenological analysis of two 3“ 
open-charm mesons D'^(276Q) and D*3(2860) is given. The 
corresponding partial and total widths are shown in Table 
VIII. 

Under the assignment, the predicted widths of 

D*(2760) is about 47.9 MeV, which is comparable with the 
experimental data reported by BABAR [21] and LHCb [22]. 
The results of Refs. [44-46, 48, 56] also supported ^2(2760) 
as the D{\^Di) state. 

We notice a new result of D*^{2160) released by LHCb very 
recently [24], where the averaged width from two models (the 
Isobar and K-matrix formalisms) is [24] 

r(D;(2760)) = 130+ 16 + 7+ 12 MeV, 

which is far larger than the present theoretical results [44- 
46, 48, 56] and former experimental data [21, 22]. Addition¬ 
ally, the mass of D*^{216Q) in Ref. [24] is about 40 MeV higher 
than previous experimental data (see Table I for more details). 
We list the experimental and theoretical widths in Fig. 3 for 
a comparison. The theoretical results favor the experimental 
measurements from BABAR and LHCb [21, 22]. The LHCb 
collaboration may overestimate the width of D'^{276Q) in the 
latest measurement [24]. In the near future, more precise mea¬ 
surement of the resonant parameter of D'^(276Q) is crucial to 
clarify this mess. The possible explanation for the change of 
the new result of D*^{2760) given by LHCb [24] will be pre¬ 
sented in the next section. 

With the assignment, we show the decay behav¬ 

ior of £>* 2 ( 2860 ) in Table VIII, where the calculated total de¬ 
cay width is about 43.2 MeV, which is in good agreement 
with the experimental data [27-31] (see Table I) and com¬ 
parable with other theoretical results obtained by different 


0 50 too 150 



Decay width (MeV) 


FIG. 3: A comparison of the experimental [21, 22, 24] and theo¬ 
retical widths [39, 44-46, 48] for the £>*(2760) with the D{l^DA 
assignment. 


0.2 0.4 0.6 0.8 1.0 1.2 1.4 


132]Our I33][34]I35] I36][37] 1.1 ± 0.15 ± 0.19 (BABAfi) 



0.2 0.4 0.6 0.8 1.0 1.2 1.4 

S(D*j( 2860 )^D*^:)/S(Vj( 2860 )^D£:) 

FIG. 4: A comparison of the experimental [28] and theoretical re¬ 
sults [32-37] for the ratio B{D\j{2?,6Q) -4 D"K)IS(D'j{2S60) 
DK). 


phenomenological models [32-37], where the width of the 
Dsil^Di) state was predicted in the range of 14 - 85 MeV. 
However, we also notice that most predicted values for ratio 
S(D*(PD 3 ) -1 D*K)IS(D;(1^D3) -> DK) are smaller than 
the BABAR measurement [28] (see Fig. 4). This discrepancy 
between theoretical and experimental results should be clari¬ 
fied by further experimental and theoretical efforts. In the next 
section, we will give some discussions for this point. 


III. DISCUSSION AND CONCLUSION 

In this paper, we carried out a combined study of 2S and 
ID open-charm mesons with natural spin-parity, which was 
mainly inspired by the recent new experimental progresses on 
open-charm mesons reported by LHCb [23, 24, 30, 31]. Our 
study is helpful to identify the properties of these observed 
2S and ID open-charm mesons with natural spin-parity. Be¬ 
sides comparing our results with the present data, we also gave 
some typical ratios of partial decay widths and partial decay 
widths, which are crucial information to establish 2S and ID 
open-charm mesons with natural spin-parity. In addition, the 
25-ID mixing effect existing in these 25 and ID open-charm 
mesons with natural spin-parity was discussed, which is an 
interested research topic for the experiments in the future. 

Before closing this paper, we still want to give more discus¬ 
sions relevant to these 25 and ID open-charm mesons with 
natural spin-parity. Checking these collected experimental 
data in Table I, we notice that the measurements of the reso¬ 
nant parameter for the same state by different experiments are 
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different from each other. Thus, the present crucial task for 
experiment is to precisely measure the resonant parameters of 
these 2S and ID open-charm mesons with natural spin-parity. 
With more experimental data collected by LHCb and forth¬ 
coming Belle II, we believe that experiments will make more 
progress on this point. 



FIG. 5: The topological diagrams for the productions of excited D 
and Ds mesons via the nonleptonic decays of S(,) mesons. 


In Fig. 5, we present the possible topological diagrams rele¬ 
vant to the productions of these discussed open-charm mesons 
through the nonleptonic decays of mesons. Two states, 
Z)*j(2860)“ and D* 3 ( 2860 )“, were observed in the process de¬ 
picted in Fig. 5 (1). With the same topological diagram, how¬ 
ever, only D*j(276Qy was reported by LHCb. In fact, there 
does not exist any suppression to the D*(2760) state produced 
via Fig. 5 (1), where the total angle momentum of Dj“(2760) 
is smaller than that of D;(2760)-. In Ref. [24], LHCb ad¬ 
mitted that “The current analysis does not preclude a charged 
spin-1 D* state at around the same mass.” Thus, there ex¬ 
ists the possibility that the ^3(2760)“ structure reported by 
LHCb might be from a superposition of 1“ and a 3“ ID-wave 
charmed mesons, which provides a possible explanation of 
why the experimental width of D'^(2760y by LHCb [24] is 
obviously larger than former measurements by the e^e~ and 
pp collisions [ 21 , 22 ]. 

By B D'j{D^n~)K^ corresponding to Fig. 5 (2) and (4), 
where the later one is a color-suppressed process, LHCb has 
reported the signal of D\{2760)^, where D*^{2760)^ is missing. 
According to the experience of the observations of D*j(2860) 
and D*3(2860) in —> D^K tt^ via Fig. 5 (1), there probably 


exists a D*^(276Q)° signal associated with D*(2760)° in B —> 
D^n K^ since Fig. 5 (2) has the same topological structure as 
that of Fig. 5 (1). 

As shown in Tables IV and VI, the Di(2420)7r mode is 
an important decay channel for D*(2760), but a subordi¬ 
nate channel for D*^{2760). Thus, we suggest the experi¬ 
ment to carry out the analysis of —» D]'(2760)'7r^ ^ 

Di(2420)°7r-7r+ and B D\{27mfK- D^{2A20yn-K-, 

by which the D*(2760) signal can be easily disentangled from 
the D3(2760) signal since the D3(2760) signal is suppressed 
here. 

As illustrated in Sec. II, the experimental data of ratio 
S(D* K)I!B{D K) of D*3(2860) is larger than most theoretical 
results [32-37, 51]. The nonstrange partner of D*3(2860) cor¬ 
responds to D*y2760). We notice that there exists a possible 
2“ state D2(2750) [22] (see Table I for more details). Due to 
the similarity between charmed and charmed-strange meson 
families, we conjugate the existence of a 2 “ state with similar 
mass to that of D*3(2860). At present, it is difficult to exclude 
the possibility that the present D*3(2860) signal in the D*K 
invariant mass spectrum [28] contains a Ds(2“) structure. If it 
is true, the discrepancy between theoretical and experimental 
results can be understood well for the ratio S(D* K)I!B{D K) 
of D;3(2860) [52, 56], i.e., S(D* K)/S{D K) of d; 3(2860) is 
overestimated probably. 

It is not the end of the story of the study of 2S and ID open- 
charm mesons with natural spin-parity, since there still exist 
some puzzles just discussed above, which are waiting for the 
solutions given by the joint effort from experimentalists and 
theorists. 
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